The Cerro la Mina Au (Cu-Mo) porphyry-high sulfidation prospect is located in Chiapas State, southeastern Mexico, outside of the major metallogenic provinces of Mexico. The prospect is hosted by Pleistocene alkaline volcanic rocks of the Chiapanecan volcanic arc that formed in a complex triple-junction tectonic setting. Cerro la Mina's stratigraphy comprises pyroclastic flows that were intruded by monzodiorites and diorites at 1.04 ± 0.04 Ma (U-Pb, zircon), and that were overlain by debris flows and synvolcanic trachyandesite domes. The volcanic stratigraphy of Cerro la Mina is dominated by pyroclastic flows and rare basalts that are cut by the Cerro la Mina breccia pipe, a matrix-rich granular, vertically oriented, downward-tapering, polymict lithic rock unit that is host to all of the significant alteration and mineralization. A NW-trending sinistral wrench fault, which was active throughout the history of Cerro la Mina, is responsible for dismembering the prospect after mineralization.
Introduction
The Cerro la Mina porphyry-high sulfidation Au (Cu-Mo) epithermal prospect is part of Fortune Bay's (formerly Linear Resources, Linear Gold, and Brigus Gold) Ixhuatán concession in Chiapas State, southeastern Mexico (Fig. 1) . In 2006, exploration drilling intersected a near-surface, supergene Fé Cu-Au skarn deposit, Campamento Au-Ag epithermal deposit, Cerro la Mina Au (Cu-Mo) prospect, and Tolimán Cu porphyry are the only areas for which Cu-Mo-Ag-Au occurrences have been reported in Chiapas (Sillitoe, 1976; Damon et al., 1983; Pantoja, 1991; Barton et al., 1995; Jansen, 2007; Miranda-Gasca et al., 2009; Jansen, 2012) . This paper documents the geologic features of the Cerro la Mina prospect in order to provide further insight into a poorly understood metallogenic region of Mexico. This project was pursued by drill hole logging and petrography to describe the geology, alteration and mineralization, geochronological dating, and a sulfur isotope study to determine the source of fluids. A discussion comparing the Cerro la Mina prospect with the nearby (20-km) El Chichón volcano, which has erupted lithic fragments of porphyry-style mineralization (Luhr, 1983; Rye et al., 1984; Luhr and Logan, 2002; Rye, 2005) , may provide some suggestions as to the genesis of the porphyry-epithermal prospect. The understanding of the Cerro la Mina prospect opens new frontiers for discoveries in an underexplored region with a complex tectonic setting and uncommon styles of alteration and mineralization.
Tectonic Setting and Regional Geology

Tectonic setting
Cerro la Mina is located in the complex triple junction area of southeastern Mexico. A series of left-lateral strike-slip faults, known as the Motagua-Polochic sinistral fault, were produced by the eastward migration of the Caribbean plate relative to the North American plate and this sinistral fault now separates the North American and Caribbean plates (Fig. 1A) . A zone of convergence occurs with the subduction of the oceanic Cocos plate under both the continental North American plate and the mostly oceanic Caribbean plate along the Middle American trench (Nixon, 1982; Burbach et al., 1984) . The subducting Cocos plate contains the Tehuantepec ridge, which is being subducted toward the northeast (Fig. 1A) ; its onshore projection lies below the Cerro la Mina prospect.
The triple-junction setting resulted in two structural zones in southeastern Mexico, namely a Neogene fold-and-thrust belt and the strike-slip fault zone (Fig. 1B; Guzman-Speziale and Meneses-Rocha, 2000) . The two zones are bounded to the south by the Chiapas massif and to the north by the Yucatan platform (Fig. 1B) . The fold-and-thrust belt has an elongated structural trend, convex to the northeast, defined by long, narrow anticlines offset along their flanks by reverse faults that have generally overthrust the intervening synclines ( Fig. 1B ; Mandujano-Velazquez and Keppie, 2009 ). The strike-slip fault zone is ~130 km wide and ~360 km long, composed of a set of upthrown and downthrown blocks, bounded by leftlateral strike-slip faults and is interpreted to be an extension of the Motagua-Polohic fault (Fig. 1B; Meneses-Rocha, 2001 ).
Regional geology
The geology of Chiapas State is summarized in Table 1 and consists of a pre-Mesozoic metamorphic, igneous, and sedimentary basement overlain or intruded by Mesozoic sedimentary rocks and Cenozoic volcanic and igneous rocks ( 2; Escandón Valle et al., 2006) . Cenozoic volcanism in Chiapas occurred in two periods, beginning in the early Miocene with the onset of the subduction of the Cocos plate and the Sierra Madre volcanic arc. This arc formed along the Pacific coast parallel to the Middle American trench and ceased at about 9 Ma ( Fig. 2 ; Damon and Motesinos, 1978; MenesesRocha, 2001 ). The second period of volcanic activity began at ~3 Ma with the initiation of the Chiapanecan volcanic arc, although its exact starting time remains uncertain, owing to poor quality K/Ar dates obtained from whole rocks rather than mineral separates (e.g., Jourdan et al., 2007; Verati and Jourdan, 2014) . The Chiapanecan volcanic arc is hosted in the strike-slip fault zone and is oriented 30º oblique and inland in relation to the subducting trench ( Fig. 1A, B ; Damon and Motesinos, 1978; Medina et al., 1990; García-Palomo et al., 2004; Mora et al., 2007) . The volcanic rocks of the central Chiapanecan volcanic arc (Fig. 2) are calc-alkaline in composition (Mora et al., 2007) , whereas El Chichón and the Selva Negra volcanic rocks at the northwest end of the arc have alkaline compositions (Duffield et al., 1984; Luhr et al., 1984; García Palomo et al., 2004; Layer et al., 2009; Jansen, 2012) . The Holocene El Chichón volcano, which last erupted in 1982, is an anomaly in southeastern Mexico because of its K-rich alkaline geochemistry, sulfur-rich volcanism, and isolated location (Duffield et al., 1984; Luhr et al., 1984; García-Palomo et al., 2004) . The nearest Holocene volcanoes are 275 and 200 km to the southeast and northwest, respectively (Duffield et al., 1984) . El Chichón is a low profile (<850 m) cluster of domes and associated pyroclastic deposits (Duffield et al., 1984) .
The 1982 El Chichón volcano eruption contained primary igneous anhydrite and high sulfur content with high δ 34 S magmatism Rose et al., 1984; Rye et al., 1984; Carroll and Rutherford, 1987; Krueger et al., 1995; Luhr and Logan, 2002; Luhr, 2008) . The El Chichón eruptive products do not vary significantly in their chemical compositions, including their strong sulfur enrichment, since the volcano first started erupting 370,000 years ago (Rose et al., 1984; Layer et al., 2009 ). Prior to the eruption, the magma is estimated to have contained 2.6 wt % sulfur (as SO3) with an estimated bulk magma δ 34 S value of +4.1 to +5.8‰ (Rye et al., 1984; Luhr and Logan, 2002) , which is the upper end of the range of δ 34 S values for I-type magmas (Sasaki and Ishihara, 1979) .
Selva Negra Volcanic Rocks
The Selva Negra volcanic rocks, located 20 km to the southeast of El Chichón, are host to the Cerro la Mina prospect and other Au-Ag-Cu mineralization in the district (e.g., Campamento deposit; Jansen, 2007) . Selva Negra volcanic rocks cover Cretaceous carbonate rocks that are overlain by Paleogene to Neogene limestones, shales, siltstones, and sandstones (Fig. 3B) . The Pliocene to Pleistocene Selva Negra volcanic rocks were first described by Damon and Motesinos (1978) as basaltic andesites, andesites, dacites, and diorites. In the Cerro la Mina region, the stratigraphic sequence is composed of lower dacite tuffs and andesite lava flows to pyroclastic breccias, andesite lava flows, dacite lapilli tuffs, and pyroclastic breccias. They are capped by coarse andesite lava flows and agglomerates, which form the resistant hill tops (Martinez Lopez, 2009 ). K-Ar whole-rock dating of a basaltic andesite dike, an andesite and an augite andesite, and of biotite from diorite and granodiorite yielded ages of 2.79 ± 0.08 to 1.95 ± 0.04 Ma ( Fig. 3A ; Damon and Motesinos, 1978) . Granodiorite to diorite rocks intrude the volcanic rocks; however, in the Selva Negra region, these intrusions have been classified as monzodiorite to diorite in composition (Jansen, 2012) . Two LA-ICP-MS U-Pb zircon dates from monzodiorites in the Cerro la Mina area indicate zircon crystallization at 1.06 ± 0.04 and 1.04 ± 0.04 Ma (Jansen, 2012) .
Porphyry and Epithermal Mineralization in Northern Chiapas
Hydrothermal alteration and mineralization occur throughout the Selva Negra, including the Santa Fé Cu-Au mine (Fig.  3A) , the Campamento Au-Ag deposit (Fig. 3B ), the Cerro la Mina Au (Cu-Mo) prospect (Fig. 3B) , and numerous other prospects (Pantoja, 1991; Jansen, 2007 Jansen, , 2012 Miranda-Gasca et al., 2009 ). Cerro la Mina was first described by Miranda-Gasca et al. (2009) as a porphyry overprinted by advanced argillic alteration with average grades of 1.6 g/t Au, 7.9 g/t Ag, 0.45% Cu, and 0.18% MoS2. The sulfides occur in veinlets along with illite, adularia, chlorite, and later calcite and rare manganocalcite alteration; extensive biotite and potassic feldspar alteration also occurs as veinlets and disseminations (MirandaGasca et al., 2009 ). An unusual feature of the prospect is that the advanced argillic alteration contains abundant hypogene halloysite-kaolinite alteration that extends to 800-m depth (Kyne et al., 2013) .
The Campamento Au-Ag deposit is located 1.5 km west of the Cerro la Mina prospect (Fig. 3B ). Reported measured and indicated resources are 9.37 Mt, containing 852,000 oz Au and 3.46 Moz Ag at a 1.0 g/t Au equiv cutoff (Linear Gold Corp., 2007) . The deposit contains average grades of 2.8 and 11.5 g/t for gold and silver, respectively. Campamento is hosted by a sequence of Pleistocene trachyandesitic volcaniclastic rocks that have been intruded by a feldspar-phyric trachyandesite. Mineralization appears to be controlled by tightly spaced subvertical fracturing (Miranda-Gasca et al., 2009) . The core of the deposit contains high-grade gold hosted in abundant narrow carbonate ± clay ± rare quartz veins that appear to be spatially associated with the feldspar-phyric trachyandesite. Highly fractured volcanic rocks in the distal zones host lower grades. The ore mineralogy consists of veins with pyrite + chalcopyrite + sphalerite + native gold ± tennantite -tetrahedrite ± galena ± acanthite ± marcasite ± several unidentified opaque phases tentatively identified as Ag-sulfosalts (A. Rainbow and K. Kyser, pers commun., 2005) . The alteration consists of late, low-temperature smectite ± kaolinite that overprinted early, high-temperature biotite and muscovite (Jansen, 2007) . A fluid inclusion study of the carbonate veins indicated the mineralizing fluid was of moderate temperature (261° ± 17°C) and high salinity (23 to 27 equiv wt % NaCl; J. Richards, pers commun., 2006) . It was moderately oxidized with a near-neutral pH (J. Richards, pers commun., 2006) .
The Santa Fé mine is located 10 km to the northeast of the Cerro la Mina prospect (Fig. 3A) . This skarn deposit occurs at the contact between Oligocene limestone and a granodioritic to dioritic stock. Cu-Au-Ag mineralization is found in an extensive wollastonite halo that has a close spatial association with distinctive breccia apophyses that originate in the stock (MacCarthy, 1897; Damon et al., 1983; Pantoja, 1991; Barton et al., 1995) . The calculated reserves are 10,000 t, averaging 6 g/t Au, 189 g/t Ag, and 2.46% Cu (Pantoja, 1991; Barton et al., 1995) . Biotite in a mineralized diorite that intruded Oligocene limestone was dated at 2.29 ± 0.10 Ma (K-Ar) and biotite in an intermediate argillic-altered granodiorite dike yielded an age of 2.24 ± 0.08 Ma (K-Ar; Damon and Motesinos, 1978) . 
Prospect Geology
The Cerro la Mina volcanic succession, part of the Selva Negra volcanic package, comprises four major lithofacies based on rock textures and lithofacies associations ( Table 2 ). The geology of Cerro la Mina has been offset by a NW-trending sinistral fault (Fig. 4A) . The subvertical fault is oriented at 308° and has sinistrally offset the stratigraphy by approximately 200 m horizontally, as indicated by lithological offsets (Fig. 4A) . The northeast block (Fig. 4A) preserves the lower portion of the volcanic stratigraphy with predominantly clast to matrixsupported breccias with fiamme clasts (Units 1A and B). The upper portion of the stratigraphy can be observed in the southwest block with predominantly matrix-supported conglomerates intruded by feldspar-phyric trachyandesites (Unit 3A-C). The results of logging a deep drill hole in the southwest block indicate that the northeast block has been uplifted at least 500 m (Fig. 4B ), making this a sinistral dip-slip wrench fault. A late matrix-rich granular breccia cuts the volcanic stratigraphy and is also offset by the northwest fault ( Fig. 4A-B) .
The lower portion of the volcanic stratigraphy predominantly contains clast to matrix-supported fragmental rocks (Units 1A-B; Figs. 4F, 5A, B) that are distinguished from other rock types by the occurrence of fiamme clasts. Units 1A and B are interbedded with thin, fine-grained volcaniclastic sandstone that locally contains pumice clasts (Unit 1C) and rare basalt (Unit 1D). Unit 1B displays eutaxitic textures but is too altered to distinguish between a welded or diagenetic compaction origin. Units 1A to C are interpreted to be a sequence of bedded pyroclastic flows. Both the upper and lower contacts of the basalt (Unit 1D) could not be observed to determine whether it is a lava, a shallow intrusion or a dome, or a cryptodome; however, we have interpreted it to be a flow based on the bedded nature of the surrounding stratigraphy. This sequence was intruded by equigranular intrusions with compositions ranging between monzodiorite and diorite (Unit 2; Figs. 4A, 5C, L; Jansen, 2012).
The pyroclastic flows are overlain by volcanic stratigraphy that is dominated by feldspar-phyric trachyandesites (Unit 3A) and matrix-supported conglomerates (Unit 3C). Narrow zones of feldspar-phyric trachyandesite (Unit 3A; Fig. 5D ) cut the stratigraphy in the northeast block ( Fig. 4E ) and terminate as large bodies in the southwest block ( Fig. 4B-E) . The trachyandesite intrusions have brecciated margins of monomictic trachyandesite breccias (Unit 3B; Figs. 4B-E and 5E) that change laterally to dominant thick beds of polymictic, matrixsupported, volcanic conglomerate of mixed provenance (Unit 3C; Figs. 4A-E, 5F-G). Unit 3C is differentiated from others by the nonoccurrence of fiamme clasts and its coarse clast size.
The coarse nature, poor sorting, and large volumes of the conglomerate (Unit 3C) reflect a high supply rate of clasts and little to moderate clast abrasion. The rare gradational zones and low degree of reworking indicate that the material was probably deposited rapidly as a volcaniclastic debris flow, and is inferred to have been deposited into a graben setting similar to the nearby El Chichón volcano (García Palomo et al., 2004) . The feldspar-phyric trachyandesite (Unit 3A) contains xenoliths of the earlier equigranular monzodiorite and diorite (Unit 2). These rock units are interpreted to be synvolcanic stocks and domes (Unit 3A) with autobrecciated margins (Unit 3B) that change laterally to debris and mass flows of mixed provenance (Unit 3C; Figs. 4A-E, 5F-G).
Unit 4 is a vertically oriented, cylindrical, and downwardtapering pipe. It consists of milled wall rock that is made up of a core of matrix-rich and polymitic granule (Unit 4A; Figs Fig. 5J ), providing evidence for its late timing. In addition, clasts of monzodioritediorite, only found at the bottom of the volcanic stratigraphy, were encountered in shallow locations of the breccia pipe ( Fig. 5L ), suggesting significant vertical transport (>600 m) occurred during the formation of this unit.
Alteration
Hydrothermal alteration at Cerro la Mina has been divided into three stages: potassic, phyllic, and advanced argillicargillic (Table 3 ). The alteration stages are defined as follows: potassic alteration includes K-feldspar, quartz, and biotite; phyllic contains quartz, muscovite, illite, illite/smectite, chlorite, calcite, gypsum, and tourmaline; advanced argillic-argillic comprises quartz, dickite, pyrophyllite, alunite, kaolinite, and halloysite. All of the alteration stages form a large footprint centered on the breccia pipe and they decrease in intensity away from it (Fig. 6A) .
The earliest potassic stage is defined by the vertically oriented quartz + K-feldspar ± biotite-altered core of the breccia pipe (Figs. 7A-C and 8A, D-H). The volcanic wall rocks to the breccia pipe have minor biotite ± K-feldspar alteration ( Fig.  7B -E). K-feldspar in the breccia pipe is pervasive, based on the results of Na-cobaltinitrite staining (Fig. 8D) . Biotite is present as small round booklets or veinlets (Fig. 8E , G) and imparts a brown color to the altered rock (Fig. 8A) . A prebreccia pipe timing for some alteration of this type is interpreted from clasts of quartz-K-feldspar that are present in the breccia pipe (Fig. 8F) . However, the matrix of the breccia pipe is strongly altered to fine-grained K-feldspar, indicating a subsequent stage occurred after brecciation.
The phyllic alteration comprises a vertically oriented zone of quartz + muscovite ± illite ± tourmaline ± gypsum (likely after anhydrite) alteration centered on the breccia pipe. From the breccia pipe to the adjacent volcanic wall rocks, this alteration assemblage grades laterally outward for 2.5 km from quartz + illite ± muscovite ± tourmaline ± gypsum to illite-smectite ± smectite ± gypsum ± quartz, and finally illite-smectite + calcite + chlorite ± smectite (Figs. 6A, 7A, B, E). The pattern of this alteration around the breccia pipe is offset by a northwest fault (Fig. 6A) . Laterally toward the breccia pipe, in situ spectral reflectance measurements indicate that the sericite shortwave infrared (SWIR) Al-OH peak absorption feature decreases from 2,204 to 2,192 nm and the illite crystallinity (Chang et al., 2011) increases from 0.1 to 5 (Fig. 6B) . The relationship of shifts in Al-OH spectral absorption features toward shorter wavelengths in more intensely hydrothermally altered rocks has been documented in other hydrothermal deposits (Yang et al., 2011; Swayze et al., 2014) . This alteration style preserves original textures and muscovite/illite-rich assemblages are gray (Fig. 8I) , whereas chlorite-rich assemblages impart green colors (Fig. 8J ) and overprint the potassic assemblage (Fig. 8G) , with the former typically present as thick (~1-cm) gray quartz + sericite haloes along vein margins (Fig. 8A, H) . Tourmaline crystals occur locally near the major northwest fault (Fig. 8K) .
The advanced argillic-argillic alteration is the most completely developed at Cerro la Mina and consists primarily of quartz, halloysite 10Å (Al2Si2O5(OH)4 · 2H2O), halloysite 7Å (Al2Si2O5(OH)4), kaolinite, dickite, and minor pyrophyllite and alunite (Fig. 8B , C, L, M). The quartz is residual and always occurs with clay alteration. Siliceous zones of pure residual quartz have not been observed. This alteration has mainly affected the early-formed K-feldspar in the breccia pipe and other early alteration minerals, making the rocks gray-white (Fig. 8B, E ). This alteration is restricted predominantly to the breccia pipe, but also occurs along structures associated with the northwest fault (Fig. 7E) . A domain of quartz + dickite ± kaolinite ± pyrophyllite ± alunite assemblage crops out at the present-day surface, and extends to 250-m depth (Fig. 7A , B, E); below this, the alteration changes to halloysite + kaolinite, which has been recognized to at least 800-m depth ( Fig. 7B , E; Kyne et al., 2013) .
Advanced argillic-argillic alteration is associated with cemented breccias and veins that cut the breccia pipe; their geometry comprises two cores of breccias (Fig. 7B, E) with a change outward to veins. The upper breccia occurs over the range of ~1,450-to 1,550-m elevation, with a width and length of ~100 m and is associated with the distribution of quartzdickite-kaolinite-pyrophyllite-alunite alteration (Fig. 7B, E) .
The lower breccia is at ~950-m elevation, ~600 m below the upper breccia, and is approximately 100 × 100 × 100 m in size and occurs below pervasive alteration of halloysite and kaolinite (Fig. 7B, E) . The upper breccia is composed of dickite + pyrite ± enargite (Fig. 8L) , whereas in the lower breccia, the cement is composed of halloysite-kaolinite + marcasite + pyrite (Fig. 8M ). Both breccias are zoned outward from chaotic (significant clast rotation) to mosaic (no clast rotation) textures and more distant (50 m) to veins, with the vein (Fig.  8M ) mineralogy similar to the cement. The breccia clasts are angular to subangular, with the clast size ranging from a few mm to several cm. Both breccias are monomictic clasts of the breccia pipe.
Mineralization
Cerro la Mina contains disseminated fine-grained (<500 µm) sulfides, sulfosalts, and sulfates as disseminations and in veins, veinlets, and breccias cemented by advanced argillic-argillic minerals. On a broad scale, the most significant mineralization occurs in the breccia pipe ( Fig. 9 ; Table 4 ) and in structures related to the NW-trending fault. The paragenesis (Table 5 ) comprises four stages: stage 1 (potassic alteration), stage 2 (phyllic) and stages 3 and 4 (advanced argillic-argillic alteration).
The spatial distribution of stage 1 pyrite defines an annular shape centered on the breccia pipe in plan view. In cross section, stage 1 is concentrated on the margins of the breccia pipe and extends to 200 m below the present surface and 200 m away from the breccia pipe (Fig. 10B, D, E) . Stage 1 pyrite grains occur only in early quartz + K-feldspar ± biotite veins; this pyrite is typically 50 to 200 µm, hosts no inclusions, and has been fractured into a jigsaw-fit breccia texture (Fig. 11A) .
Disseminated stage 2 pyrite, chalcopyrite, and molybdenite are centered on the breccia pipe, spatially associated Abbreviations: QXRD = qualitative X-ray diffraction, SEM = scanning electron microscopy, SWIR = shortwave infrared spectroscopy, XRD = X-ray diffraction
CBP
Phyllic alteration Quartz + muscovite ± illite ± tourmaline ± gypsum Quartz + illite ± muscovite ± tourmaline ± gypsum Illite-smectite ± smectite ± quartz ± gypsum Illite-smectite + chlorite + calcite ± smectite Advanced argillic -argillic alteration Quartz + dickite (± pyrophyllite ± alunite ± kaolinite) Halloysite + kaolinite Quartz + muscovite ± illite ± tourmaline ± gypsum Quartz + illite ± muscovite ± tourmaline ± gypsum
Limit of interpretation
Illite-smectite ± smectite ± quartz ± gypsum Fig. 7 . Alteration of the Cerro la Mina prospect, shown in plan view and cross section. Drill hole logging constraints as per Figure 6 . SWIR spectral analyses of ~2,000 drill core and surface samples were obtained using a TerraSpec ASD spectrometer Spectral interpretation and feature extraction of spectra previously collected by Brigus Gold geologists and spectra during our study was done using the software TSG™ Pro version 5. X-ray diffraction (XRD) analysis from Kyne et al. (2013) and 20 samples were analyzed at the University of Ballarat, Australia, using Siemens D500 and D501 diffractometers with Fefiltered CoKα radiation. Forty-three samples were stained for the occurrence of K-feldspar following the methods described in Bailey and Stevens (1960) . with phyllic alteration. There is a vertical and lateral zonation of stage 2 sulfides from chalcopyrite + molybdenite + pyrite associated with quartz + muscovite alteration in the core that changes outward to pyrite ± chalcopyrite associated with quartz + illite alteration (Fig. 10A , B, E). Stage 2 pyrite (Fig. 11B) is the most abundant sulfide in the volcanic rocks distal to the breccia pipe; it is associated with illite-smectite alteration (Fig.   10A, B) . Stage 2 sulfides range from 25 to 500 µm in size and occur in veins or disseminations (Fig. 11B, C) . The pyrite and chalcopyrite are typically intergrown and are strongly embayed with irregular edges, suggesting these minerals were not in equilibrium with later fluids. Stage 2 pyrite contains numerous inclusions, predominantly of clay and rutile with lesser pyrrhotite and chalcopyrite (Fig. 11B) . Molybdenite forms long, stubby booklets or slender needles depending on the orientation of the crystal axis. Molybdenite is associated with the distribution of chalcopyrite and pyrite but is not intergrown. Stages 3 and 4 are associated with advanced argillic-argillic alteration and their distribution (Fig. 10B) correlates with the distribution of Au (Fig. 9) . Stage 3 mineralization is vertically oriented, coincident with the breccia pipe, and is comprised of fine-grained (<100 µm) marcasite, sphalerite, galena, and barite (Fig. 10A, B, D, E) . Stage 3 sulfides occur only in low abundances, with Zn and Pb concentrations of less than 500 ppm. These sulfides are found as disseminations in veins and hydrothermal breccia cement associated with advanced argillic-argillic alteration. Where acid-etched, the marcasite displays fine growth bands on the edges of stage 2 chalcopyrite and pyrite grains (Fig. 11D) . Sphalerite has overgrown chalcopyrite with concentric rims in halloysite-kaolinite veins (Fig. 10E) . Locally, intergrown coarse-grained barite (1 cm long and 0.25 cm wide), sphalerite (200 µm), and galena (300 µm) occur in halloysite-kaolinite veins (Fig. 11F) .
Qtz-
Stage 4 contains predominantly arsenian pyrite with minor enargite and covellite that occur in advanced argilliccemented breccias and veins. Dickite + pyrite ± enargitecemented breccias host the highest average grades of 0.7 g/t Au and 0.23% Cu (Table 4 ). The arsenian pyrite has ragged textures ( Fig. 11G ) and occurs as rims around other sulfides (Fig. 11D, H) or as rare, fine-grained crystals. Enargite is commonly associated with arsenian pyrite and locally with chalcopyrite, as fine-grained crystals within and on the rim of chalcopyrite (Fig. 11A ). Covellite is rare, occurring in fractures and rims around chalcopyrite (Fig. 11I) , and is locally intergrown with enargite.
Stage 4 is distributed in two distinct zones, defined here as the upper and lower arsenic-rich zones, that are spatially associated with the breccias cemented by advanced argillic-argillic alteration (Figs. 9, 10A , B, E). The upper arsenic-rich zone occurs from present-day surface to 200-m depth, forming a bowl-shaped zone that contains pyrite grains + pyrite rims + enargite ± covellite. The lower arsenic-rich zone contains pyrite rims ± enargite ± covellite and occurs below 1,100-m elevation (> 600 m below the surface) forming a subhorizontal zone (Figs. 9, 10B, E) . Minor, fine-grained pyrite ± covellite occur between the upper and lower arsenic-rich zones.
The near-surface supergene oxidized zone extends on average to 50 m below the present surface, with a maximum depth of 175 m (Fig. 10B-F) . Partial oxidation, where pyrite and oxides occur together, persists locally to depths of 545 m below the surface along narrow fractures (<1 m) associated with the northwest fault. The oxide zone contains supergene halloysite, kaolinite, opal, goethite, hematite, and barite. Relict quartz-dickite-pyrite-enargite alteration in the oxide zone (Fig. 10B, E) has high Au/Cu ratios, resulting from the breakdown of sulfides.
Vein Paragenesis
Veins are poorly preserved in drill core from Cerro la Mina owing to the highly fractured nature of the core. Where preserved, the core predominantly contains veinlets or veinlet stockworks, with only rare veins greater than 1 cm in width. Stage 1 pyrite veins infilled early potassic veins; these have been brecciated in situ (Fig. 12C, D) , consistent with a prebreccia pipe timing for the early potassic alteration and stage 1 pyrite. The potassic veins and stage 1 pyrite vein have been cut by stage 2 pyrite veins with phyllic-altered halos (Fig. 12A,  B) . Stage 3 halloysite + kaolinite + marcasite + sphalerite veins infilled stage 2 illite + chalcopyrite + pyrite + molybdenite veins (Fig. 12E, F) . A halloysite-kaolinite vein with sphalerite-barite-galena bands suggests multiple alteration episodes (Fig. 12G, H) . Abbreviations: Ba = barite, Bn = bornite, Cpy = chalcopyrite, Cv = covellite, dis = disseminations, En = enargite, Ga = galena, hbx = hydrothermal breccia, Mc = marcasite, Mo = molybdenite, Py = pyrite, Sph = sphalerite Rare hydrous and anhydrous phosphate minerals were observed in veins, including planerite (Al6(PO4)2 (PO3OH)2 (OH)8 ⋅ 4(H2O) , vivianite (Fe 2+ 3(PO4)2 ⋅ 8(H2O), trolleite (Al4(PO4)3(OH)3, and berlinite (AlPO4) (Fig. 12I, J) . The phosphates occur in veins that cut early stage 1 and 2 veins and occur distal to advanced argillic-argillic alteration. The timing of phosphate mineralization with respect to advanced argillic-argillic alteration is unclear.
Geochronology
Re-Os results
Re-Os dating of a stage 2 molybdenite sample indicates that (location shown in Fig. 10B ; results in App. 2) Re and Os concentrations were 691.6 ppm and 5.651 ppb, respectively, and an Re/Os model age of 780 ± 10 ka (2σ) was obtained. This age represents the timing of stage 2 Cu-Mo mineralization, associated with phyllic alteration.
Ar/ 39 Ar results
40 Ar/ 39 Ar dating of a hydrothermal biotite sample (location shown in Fig. 7B ; App. 1) yielded a plateau age of 689 ± 13 ka (2σ) including 96% of the released 39 Ar (MSWD = 0.86; P = 0.60). The steps are concordant within uncertainty (Fig. 13) . The plateau age conforms well to that expected from a sample that remained thermally undisturbed since crystallization and relatively rapid cooling. The age spectrum also does not show any disturbance from excess argon. The inverse isochron plot yielded the same age of 0.682 ± 0.027 Ma and shows a high degree of concordancy among all the 15 heating steps (MSWD = 0.89; P = 0.56) with all but one step plotting within ± 2σ. The 40 Ar/ 36 Ar intercept shows a value of 302 ± 5 Ma, indistinguishable from the air ratio of 298.6 ± 0.1 Ma from Lee et al. (2006) , demonstrating that no excess 40 Ar* is present in the biotite. The age of 689 ± 13 ka is taken to be the age at which the hydrothermal biotite cooled below its closure temperature of ~300ºC (Harrison et al., 1985) . 
Sulfur Isotopes
Samples were taken from various stages of the paragenesis and at various distances from the core of the deposit to analyze for sulfur isotope composition. Results for 21 34 S analyses on stage 1 pyrite, stage 2 chalcopyrite and pyrite, stage 3 barite, and stage 4 pyrite are presented in Table 6 . Marcasite, sphalerite, and galena proved to be too fine grained to obtain a pure sample. To test the natural variation in the sulfur value of multiple sulfide grains from the same sample, five separate samples of stage 2 pyrite were microdrilled from sample IXCM08-62 300.1. The sulfur values varied ±0.6‰ (2σ). The δ 34 S values for the Cerro la Mina sulfides range from -2.5 to +4.9‰ with a mean of +0.7‰ (Fig. 14) . Stage 1 has two populations at approximately -2.5 and +2.0‰, with values ranging from -2.5 to +2.2‰ and a mean of +0.2‰ (Fig.  14) . Stage 2 δ 34 S ranges from -0.5 to +0.9‰ with a mean of +0.3‰ (Fig. 14) . One sample of barite from stage 3 has a δ 34 S of +10.5‰. The δ 34 S of stage 4 is slightly higher, between +1.1 and +4.9‰, with a mean of +2.3‰ (Fig. 14) . Stage 2 has the widest sample distribution and did not show any consistent spatial vertical or horizontal changes in δ 34 S (Fig. 14) . Samples analyzed for stages 1, 3, and 4 do not have sufficient spatial coverage to allow spatial trends to be detected (Fig.  14) . No sulfides were observed in equilibrium with barite, preventing sulfide/sulfate geothermometry.
Discussion
Geology
The Cerro la Mina stratigraphy contains pyroclastic flow deposits with rare basalt, synvolcanic domes, debris and mass flows, and the breccia pipe. With the exception of the breccia pipe, the lithofacies at Cerro la Mina are similar to those produced by regional volcanism in the Chiapanecan volcanic arc, where low profile (<850-m high), small-volume (3-4 km 3 ) Notes: The δ 34 S values for sulfide and sulfate samples were analyzed at the Central Science Laboratory, University of Tasmania on the VG SIRA series II mass spectrometer; SO2 was extracted from sulfides and sulfates using methods described in Robinson and Kusakabe (1975) and Yanagisawa and Sakai (1983) ; A cold finger was used (*) when the yield was below 5 mm Hg; in-house standards were used and calculated against International Atomic Energy Agency (IAEA) standards to ±0.1‰; the in-house sulfide standards included galena from Broken Hill and Rosebery with δ 34 S values of +3.0 and +12.4‰, respectively (Huston et al., 1995) ; in-house sulfate standards included barite from the Madame Howard deposit and seawater sulfate (Tasul I) with δ 34 S values of +31.2 and +20.9‰, respectively (Huston et al., 1995) The flat spectrum is typical of a sample that remained thermally undisturbed since crystallization. Black segments are included in the plateau age calculations. The biotite was irradiated for 2 h in the Hamilton McMaster University nuclear reactor (Canada). The 40 Ar/ 39 Ar analyses were performed at the Western Australian Argon Isotope Facility at Curtin University. The sample was step-heated in a double vacuum high-frequency Pond Engineering © furnace. The gas was purified in a stainless steel extraction line using two AP10 and one GP50 SAES getters and a liquid nitrogen condensation trap. Ar isotopes were measured in static mode using a MAP 215-50 mass spectrometer (resolution of ~400; sensitivity of 4 × 10 -14 mol/V) with a Balzers SEV 217 electron multiplier mostly using 9 to 10 cycles of peak-hopping. Sample ID: IXCM07-25 589.3.
volcanic domes are associated with pyroclastic flow deposits, rare basalts, porphyritic hornblende andesites, trachyandesites, and minor rhyodacites and rhyolites (Damon and Motesinos, 1978; Duffield et al., 1984; Mora et al., 2007) . The stratigraphy at Cerro la Mina is offset by a major NW-trending fault that has an orientation and movement consistent with the regional strike-slip structural regime, composed of a set of upthrown and downthrown blocks, bounded by left-lateral strike-slip faults in which it occurs ( Fig. 1B ; Meneses-Rocha, 2001; García-Palomo et al., 2004) . The Cerro la Mina volcanic stratigraphy (Fig. 4 ) likely developed in a setting similar to that of the nearby El Chichón volcano, which has recorded a similar volcanic stratigraphy in a graben setting (García Palomo et al., 2004) . The El Chichón volcanic record from 8,000 years ago to present consisted of tephra-falls, pyroclastic surges, pyroclastic flows, debris flows, and minor andesitic lava (Sigurdsson et al., 1984; Espindola et al., 2000) . The Cerro la Mina breccia pipe is a vertically oriented, cylindrical, and downward-tapering pipe. The core of pipe contains the fine-grained granular breccia (Unit 4A) and grades outward to coarser brecciated volcanic wall rocks (Unit 4B; Fig. 5J ). The granule-sized central facies and outer zone of bimodal distribution of clastic material (i.e., clasts and matrix) are both indications that this rock formed by a fragmentation process that was efficient. Unit 4 was probably formed by a magmatic-hydrothermal fragmentation process, possibly explosive, and likely driven by volatile exsolution associated with a volatile-rich cooling intrusion/magma at depth (e.g., Burnham, 1981; Candela, 1991; Shinohara and Hedenquist, 1997) .
The breccia pipe hosts the most significant alteration and mineralization textures that have been recognized to date at Cerro la Mina. Unit 4A has undergone pervasive advanced argillic-argillic alteration in many locations and can be difficult to recognize; much of Unit 4A's distribution on Figure 4B and E is interpreted. However, this unit can be readily identified on the margins of the pervasive advanced argillic-argillic alteration. The full extent of Unit 4 on the northeast side of the NW-trending fault is not known due to limited drilling and poor surface exposure (Fig. 4A) .
Geochronology of the Cerro la Mina prospect
The Cerro la Mina hydrothermal system (Fig. 15) began with stage 1 pyrite associated with potassic alteration that is inferred to have a pre-breccia timing, with the formation of the breccia pipe removing the central portion of stage 1 pyrite; this caused an annular-shaped distribution (Fig. 10A ) and fractured the coarse-grained pyrite into jigsaw-fit textures. This zonation is similar to the distribution of mineralization at El Teniente where the Braden breccia pipe has overprinted mineralization (Howell and Molloy, 1960) , but in the case of Cerro la Mina, the breccia pipe has cut the distribution of stage 1 pyrite (Fig. 10A) . The breccia pipe (Unit 4), likely formed by the eruption of hydrothermal fluids triggered by an intrusion at depth, cut the volcanic stratigraphy between the 1.04 ± 0.04 Ma (zircon U-Pb) intrusion of monzodiorites in the region (Unit 2; Jansen, 2012) and precipitation of stage 2 molybdenite at 780 ± 10 ka (Re-Os); this is consistent with the fact that the breccia pipe, which hosts the molybdenite, cuts the monzodiorite (Unit 2). The formation of the breccia pipe was followed by a second stage of abundant K-feldspar alteration.
Stage 2 mineralization and associated phyllic alteration occurred at 780 ± 10 ka (molybdenite Re-Os). The Re-Os age of molybdenite (780 ± 10 ka) is older than the 40 Ar/ 39 Ar biotite age (689 ± 13 ka), despite relative timing relationships showing that biotite formed first. The age discrepancy can be accounted for by the effects of closure temperatures, Ohmoto and Rye, 1979; Ohmoto and Goldhaber, 1997; Wilson et al., 2007 , 2 = This study, 3 = Rye et al., 1984 Luhr and Logan, 2002 . 500°C for molybdenite (Suzuki et al., 1996) and ~300°C for biotite (Harrison et al., 1985) . The Re-Os age therefore represents the mineralization age of stage 2 and the biotite age records cooling of the system, specifically the transition from high-temperature phyllic to low-temperature advanced argillic-argillic alteration. From these data, an approximate cooling rate of 2°C/ka can be calculated. This cooling rate is exceptionally high when compared to a much larger and longer hydrothermal history such as the Chuquicamata porphyry deposit, which recorded a cooling rate of 0.1°C/ka (McInnes et al., 1999) . The high cooling rate may be the result of a small intrusion, shallow intrusion depth, and/or efficient hydrothermal circulation (e.g., Cathles, 1977) . The hydrothermal system terminated after 689 ± 13 ka (biotite Ar-Ar), approximately 300,000 years before El Chichón volcano began erupting.
Cerro la Mina stage 3-4 alteration
The initial hypogene acid leaching typically forms a core of residual quartz that grades outward to quartz-alunite, quartz-dickite-kaolinite and, finally, a propylitic assemblage in the wall rock (Steven and Ratte, 1960) . A vertically extensive low-temperature (<110°C; Marumo and Hattori, 1999) alteration zone of halloysite + kaolinite extends deeper than the dickite ± alunite ± pyrophyllite zone (Fig. 7B, E) . The buffering effect of the host alkaline volcanic rocks may have prevented the production of strongly acidic fluids, resulting in the production of abundant argillic clays rather than residual quartz.
The Cerro la Mina alteration assemblage of quartz + dickite ± kaolinite ± pyrophyllite ± alunite, typically occurs at 120° to 260°C in active geothermal systems (e.g., Reyes, 1990) . The deep occurrence of the Cerro la Mina halloysite alteration may indicate a higher temperature of formation than typically expected of <110°C (Marumo and Hattori, 1999; Joussein et al., 2005) , or alternately, a relatively deep occurrence of low-temperature alteration in the latest stage.
A minimum temperature of halloysite formation is suggested by the association with marcasite and pyrite, which form at temperatures greater than 40°C (Reyes, 1990; Hedenquist et al., 2000) . We therefore consider the most reasonable temperature of formation for the Cerro la Mina halloysite, consistent with mineral associations and other studies (e.g., Marumo and Hattori, 1999) , to be 40° to 120°C. The low formation temperature for Cerro la Mina halloysite is within the range of supergene (<~60°C; Melchiorre et al., 2000) and steam-heated conditions (90° to 160°C; Rye et al., 1992) rather than hypogene acidic alteration, which typically ranges between 160° to 260°C (Hedenquist and Taran, 2013) . The vertical distribution, rather than a horizontal distribution of a paleogroundwater table, argues against the possibility of a steam-heated or supergene origin for the halloysite alteration (e.g., Hedenquist et al., 2000) . In addition, the association of halloysite with sulfides (Kyne et al., 2013) that have 34 S values consistent with a magmatic source supports a hypogene origin.
Sulfur isotopes
The sulfur isotope composition of Cerro la Mina sulfides ( Fig.  14; range, -2.5 to +4.9‰; mean 0.7‰) and sulfates (Fig. 14; +10.5‰) were investigated to test whether a component of sulfur was derived from a thick (>770 m) sequence of 34 S-enriched Lower Cretaceous evaporites (δ 34 S = +15.1‰; Rye et al., 1984) and/or the host volcanic rocks. The Cerro la Mina δ 34 S sulfide values are lower than the average total δ 34 S (sulfide and sulfate) for andesites in island-arc environments (+5 to +7‰; Ueda and Sakai, 1984; Woodhead et al., 1987) and El Chichón estimated bulk magma δ 34 S value of +4.1 to +5.8‰ (Rye et al., 1984; Luhr and Logan, 2002) suggesting the fluid was slightly oxidized. A shift to higher δ 34 S sulfide and sulfate values, as would be expected if significant incorporation of δ 34 S in the hydrothermal fluid from the Cretaceous evaporites, was not observed. Likewise, there is no shift toward heavier δ 34 S values to suggest involvement of sulfur accumulated by circulating meteoric water through the Selva Negra volcanic host rocks. The hydrothermal fluid responsible for the deposition of sulfides and sulfates at Cerro la Mina was most likely a fluid dominated by magmatic components.
El Chichón high-sulfur and high δ 34 S magmatism has been suggested by some to be the result of prior loss of 34 S-depleted H2S to a fluid or gas phase during formation of a small, porphyry-type hydrothermal system or ore deposit (Luhr, 1983; Rye et al., 1984; Luhr and Logan, 2002; Rye, 2005) as the incorporation of thick 34 S-enriched Lower Cretaceous evaporites has been discounted (Rye et al., 1984; Luhr and Logan, 2002) . The range of δ 34 S sulfides and sulfates obtained from the Cerro la Mina prospect is similar to that in the lithic fragments of porphyry mineralization that erupted from El Chichón (Fig. 14) . The El Chichón lithic fragments of porphyry copper-type mineralization have 1-mm-wide anhydrite veinlets with K-feldspar and biotite alteration and disseminated Cu-rich pyrrhotite (Luhr, 1983; Rye et al., 1984) . Both the sulfide and sulfate δ 34 S values for Cerro la Mina and El Chichón volcano also overlap with the range of porphyry deposits worldwide (Fig. 14; Ohmoto and Rye, 1979; Ohmoto and Goldhaber, 1997; . The single δ 34 S value for barite at Cerro la Mina overlaps with the range of primary anhydrite and is lighter than the single δ 34 S value of hydrothermal anhydrite from El Chichón.
Cerro la Mina and El Chichón alkaline affinities
The alkaline composition of young volcanic rocks in the region (García Palomo et al., 2004; Jansen, 2012) suggests that a buried intrusive stock may have the same composition. Alkalic porphyry deposits are well-documented from British Columbia (e.g., Hollister, 1978; Schroeter, 1995; Lang et al., 1995; Bath et al., 2014; Byrne and Tosdal, 2014; Jago et al., 2014; Micko et al., 2014; Pass et al., 2014) and eastern Australia (Heithersay and Walshe, 1995; Lickfold et al., 2003; Wilson et al., 2003; Cooke et al., 2007; Wilson et al., 2007; Zukowski, 2010) , but few examples have been described in the eastern alkaline province of northeastern Mexico (Mutschler et al., 1998; Hammarstrom et al., 2010) or from other terrains (e.g., Jensen and Barton, 2000; Carman, 2003; Wolfe and Cooke, 2011) . There are occurrences of alkalic rocks that are associated with large gold deposits because of their hydrous and oxidized nature and their ability to produce hydrothermal systems with ideal chemistries for transporting gold (Richards, 1995) . Alkalic Au-(Cu) porphyry deposits include some of the world's highest-grade porphyry gold resources (e.g, Ridgeway; Wilson et al., 2003) and some of the largest gold accumulations in epithermal environments (e.g., Cripple Creek and Lihir; Jensen and Barton, 2000; Mungall, 2002; Blackwell et al., 2014) .
The early K-feldspar and biotite at Cerro la Mina are similar to what is found Ladolam, Lihir Island, where early biotite-K-feldspar alteration predated the alkalic epithermal mineralization (Carman, 1994; Müller et al., 2002) . Early biotite alteration has also been recognized as a precursor to alkalirelated epithermal mineralization at Cripple Creek and Porgera (Ronacher et al., 2004) . The El Chichón lithic fragments contain anhydrite veining and alteration which can occur in both calc-alkalic and alkalic porphyry deposits, e.g., Galore Creek (Byrne and Tosdal, 2014; Micko et al., 2014) , Mt. Polley (Pass et al., 2014) , Ampucao , and El Teniente (Cannell et al., 2005) .
Metallogeny of the Chiapanecan volcanic arc
The Santa Fé mine, Cerro la Mina prospect, and Campamento deposit likely represent proximal skarn, porphyry/ high-sulfidation, and intermediate sulfidation components, respectively, according to the porphyry model of Sillitoe (2010) . These mineralization occurrences may be related, and they indicate a district-wide zoning pattern that may suggest other targets in the district and elsewhere in the Chiapanecan volcanic arc.
The Santa Fé skarn deposit can be considered representative of mineralization encountered in the deeper parts of the district where granodiorite to diorite intrusions are in contact with either Paleogene or Cretaceous limestone (Fig.  3A) . Therefore, exploration for Santa Fé style mineralization should be conducted where erosional levels are deepest and closer to this intrusion-limestone contact to increase chances of discovery, particularly in the Santa Fé region (Fig. 3A) and to the north and west of Cerro la Mina (Fig. 3B) . The Campamento Au-Ag and Cerro la Mina prospects present mineralization that occurs at shallow levels of erosion where Pliocene to Pleistocene volcanic rocks are preserved. The district alteration is centered on the Cerro la Mina prospect (Fig. 6A) , which occurs along a major through-going structure. In this scenario, the Campamento Au-Ag epithermal deposit may be a distal feature. The systematic changes in the spectral features of the white mica assemblage can be used as an exploration vector because the shift to lower wavelength position of the Al-OH spectral absorption feature and high crystallinity may suggest the potential for epithermal mineralization similar to Cerro la Mina (Fig. 6B) .
The characteristics of Cerro la Mina and Campamento are a variation of the conventional epithermal deposits (e.g., Seedorff et al., 2005; Sillitoe, 2010) and broaden the window for additional discoveries in this setting. Cerro la Mina has extensive low-temperature hypogene halloysite + kaolinite, rare alunite. The nearby Campamento deposit, which occurs on the margin of the extensive alteration of the Cerro la Mina prospect, contains abundant high-grade narrow carbonate ± clay ± rare quartz alteration assemblages (Jansen, 2007) . Campamento fluid inclusion studies suggest a similarity to alkali-related epithermal gold deposits (e.g., Cripple Creek: Thompson, 1996, and Lihir: Ageneau, 2013) .
Conclusion: Genesis of the Cerro la Mina Prospect
The Cerro la Mina prospect is hosted by Pleistocene alkaline volcanic rocks of the Selva Negra that formed in a complex triple-junction tectonic setting. The stratigraphy (Fig. 4) suggests that volcanism occurred in a setting analogous to that of the nearby El Chichón volcano (García Palomo et al., 2004) , with large volumes of pyroclastic and volcanic debris flows deposited in a graben setting (Fig. 16A) . The region has been and continues to be under a regional left-lateral strike-slip structural regime (Fig. 1B ; Meneses-Rocha, 2001; García-Palomo et al., 2004 ) that includes a NW-trending sinistral wrench fault that was active throughout the history of Cerro la Mina and is responsible for dismembering the prospect after mineralization (Figs. 4A, 16 ).
Potassic-altered rocks and stage 1 pyrite (Fig. 16B) were cut by the breccia pipe (Fig. 16C) , between 1.04 ± 0.04 (U-Pb zircon) and 780 ± 10 ka (Re-Os molybdenite; Fig. 16C ). The development of the breccia pipe provided a permeable host for subsequent alteration and mineralization. The ensuing hydrothermal system consisted of four mineralization stages associated with three alteration assemblages. A weakly developed porphyry system at 780 ± 10 ka (Re-Os date on molybdenite) introduced Cu and Mo (stage 2 pyrite ± chalcopyrite ± molybdenite ± quartz veins; Fig. 16D ) along with phyllic alteration. The phyllic alteration produced a large thermal footprint extending up to 2 km from the breccia pipe (Fig.  6A ). In addition, the crystallinity and Al-OH peak shifts in spectral data (Fig. 6B) suggest that the major heat center for the district is centered on the breccia pipe and at depth. The hydrothermal system cooled below the closure temperature of biotite (~300°; Harrison et al., 1985) at <689 ± 13 ka and evolved into a high sulfidation epithermal system (arsenian pyrite + enargite) that introduced the highest grades of Au and Cu (stage 3 marcasite, sphalerite, galena, and barite, and stage 4 arsenian pyrite ± enargite ± covellite; Fig. 16E ). The high sulfidation system produced an extensive alteration of halloysite + kaolinite that occurred deeper and at a lower temperature (<120°C) than the high-temperature alteration assemblage of quartz + dickite ± kaolinite ± pyrophyllite ± alunite; Fig. 7B, E) . A northwest fault offset a portion of the system (Fig. 7A, E) .
The positive δ 34 S sulfide values for Cerro la Mina mineralization (Fig. 14) are consistent with mineral deposition from a reduced (sulfide dominant), high-temperature (>400°C) magmatic-hydrothermal fluid (Ohmoto and Rye, 1979; Rye, 1993) . The apparent lack of strongly acidic fluids required to produce residual quartz and extensive alunite may have been related to the buffering capacity of the alkaline host rocks.
The Santa Fé mine, Cerro la Mina prospect, and Campamento deposit are representative of parts of a porphyry copper system, specifically a proximal skarn, porphyry/highsulfidation, and intermediate sulfidation deposits, respectively (Fig. 16F) . The characteristics of Cerro la Mina (i.e, anomalous halloysite-kaolinite alteration) broaden the window for additional discoveries in the porphyry-epithermal environment. The alkaline composition of volcanic rocks suggests that Cerro la Mina may have potential for gold mineralization at greater depths in the breccia pipe, or in the poorly explored northeast section of the prospect where the offset part of the deposit is yet to be discovered. Notes: Plateau ages given at the 2σ level are calculated using the mean of all the plateau steps, each weighted by the inverse variance of their individual analytical error; X = steps used for age calculations APPENDIX 2 Notes: The age was constrained using the method described in detail by Selby and Creaser (2004) and Markey et al. (2007) ; isotopic analysis used a ThermoScientific Triton mass spectrometer by Faraday collector at the University of Alberta; Chinese molybdenite powder HLP-5 (Markey et al., 1998) , which is used as an in-house control sample by AIRIE, Colorado State University, is also routinely analyzed at the University of Alberta; for this control sample over the period of analysis of the sample, we determined an average Re-Os date of 221.5 ± 0.3 Ma (1σ uncertainty, n = 4); Re-Os age date of 221.0 ± 1.0 Ma is identical to that reported by Markey et al. (1998) ; molybdenite age was calculated using a 187 Re decay constant of 1.666 × 10 -11 year -1 (Smoliar et al., 1996) 
